The incorporation of stratigraphic data into phylogenetic analysis has a long history of debate, but is
10 not currently standard practice for palaeontologists. Bayesian tip-dating (or morphological clock) 11 phylogenetic methods have returned these arguments to the spotlight, but how tip-dating affects 12 the recovery of evolutionary relationships has yet to be fully explored. Here we show, through 13 analysis of several datasets with multiple phylogenetic methods, that topologies produced by tip-14
dating are outliers when compared to topologies produced by parsimony and undated Bayesian 15 methods, which retrieve broadly similar trees. Unsurprisingly, trees recovered by tip-dating have 16 better fit to stratigraphy than trees recovered by other methods, due to trees with better 17 stratigraphic fit being assigned a higher prior probability. Differences in stratigraphic fit and tree 18 topology between tip-dating and other methods appear to be concentrated in parts of the tree with 19 weaker character signal and a stronger influence of the prior, as shown by successive deletion of the 20 most incomplete taxa from a sauropod dataset. Tip-dating applied to Mesozoic mammals firmly 21 rejects a monophyletic Allotheria, and strongly supports diphyly of haramiyidans, with the late 22
Triassic Haramiyavia and Thomasia forming a clade with tritylodontids, which is distant from the 23 middle Jurassic euharamiyidans. This result is not sensitive to the controversial age of the eutherian 24
Juramaia. A Test of the age of Juramaia using a less restrictive prior reveals strong support from the 25 data for an Early Cretaceous age. Our results suggest that tip-dating incorporates stratigraphic data 26 in an intuitive way, with good stratigraphic fit a prior expectation that can be overturned by strong 27 evidence from character data. 28 Keywords: Bayesian, tip-dating, morphological clock, morphology, palaeontology, 29 haramiyidans 30 The question of whether or not the stratigraphic ages of fossils should be taken into account when 31 estimating phylogeny was a major debate within palaeontology in the 1990s and early 2000s 32 (Wagner 1995 , Lockwood 1998 , Siddall 1998 , Smith 1998 , Fox et al. 1999 , Heyning and Thacker 1999 Smith 2000, Geiger et al. 2001 , Alroy 2002 . A number of methods were developed to integrate 34 stratigraphic data with phylogenetic analysis. Wagner (1995) introduced a method to find the most 35 parsimonious cladogram in which sister taxa have overlapping 95% confidence intervals for 36 stratigraphic range. Stratocladistics (Fisher 2008 ) is a parsimony method that considers stratigraphic 37 parsimony debt alongside "standard" morphological parsimony debt. The method of Wagner (1998) 38 finds the tree with the maximum likelihood of the observed tree length and stratigraphic debt, 39 calculated using simulations under a defined model of evolution. None of these methods have seen 40 widespread adoption in the palaeontological literature, perhaps partly due to a lack of user-friendly 41 software; for example StrataPhy, a software program for stratocladistics (Marcot and Fox 2008) , was 42 never updated from its original experimental form. 43
Recently, the rise of Bayesian tip-dating methods (Ronquist et al. 2012a ), has seen the return of 44 phylogenetic analysis incorporating stratigraphic data. At the heart of tip-dating methods is the tree 45 prior: the prior probability distribution of divergence dates and branch lengths. Early tip-dated 46 analyses used the uniform tree prior (Ronquist et al. 2012a ), which is relatively uninformative 47 regarding tree shape, and can produce unrealistic results . The uniform 48 tree prior has been superseded by serially sampled fossilised birth-death (FBD) tree priors (Stadler 49 2010, Heath et al. 2014) , which model diversification, extinction and sampling. Recently, these have 50 been updated to allow sampled ancestors (Gavryushkina et al. 2014 ). Serially sampled tree priors 51 include assumptions of approximately constant rates of diversification, extinction and sampling, 52 although this can be relaxed between different time slices (Stadler et al. 2013 ). These tree priors 53 likely affect tree topology, and indeed assumptions of approximately constant sampling rates 54 between lineages at specified time intervals is a key component of stratocladistics (Fisher 2008 2017). Each dataset was also analysed using the prior only, without character data so that the 157 stratigraphic fit of the prior tree sample could be calculated. 158
To assess the extent of topological differences between the three phylogenetic methods, we 159 calculated Robinson-Foulds distances (Robinson and Foulds 1981) in R using the package phangorn 160 (Schliep 2010 ). Every tree produced by one method was compared to every tree produced from both 161 of the other methods. Robinson-Foulds distances were rescaled to a percentage difference following 162 Wright and Hillis (2014) . In addition to comparisons between methods, all trees from each set were 163 compared to each other as a measure of topological variation within each method. 164
Stratigraphic fit, using the Gap Excess Ratio (Wills 1999) , was calculated using the R package strap 165 (Bell and Lloyd 2015) . The Stratigraphic Completeness Index (Huelsenbeck 1994 ) was also calculated, 166
with very similar results. To avoid problems with the different treatment of outgroups between 167 methods, outgroups were removed from all trees prior to calculation. 168
Because the results (see below) showed that Bayesian tip-dated methods place a higher prior 169 probability on trees with better stratigraphic fit, we hypothesised that this prior would be 170 particularly influential on tree topology in regions where the character data were weak. We 171 therefore tested the effect of incomplete taxa on the stratigraphic fit of tip-dated and undated 172 Bayesian phylogenetic trees. This was achieved through sequential removal of incomplete taxa. The 173 sauropods dataset was chosen due to the wide range of data completeness across taxa and the large 174 number of taxa. For each deletion iteration (total of five), we removed the six remaining most 175 incomplete taxa and reanalysed the data reanalysed and calculated stratigraphic fit as above. As a 176 control, to test whether or not the act of removing taxa changes stratigraphic fit regardless of the 177 completeness of those taxa, we repeated the process but deleted six random taxa in each iteration. 178
Additional Analyses on Mesozoic Mammals Datasets 179
To investigate conflicts between the different parts of the dataset of Huttenlocker The results of the main analysis on the Mesozoic mammals dataset suggested that haramiyidans are 215 diphyletic, in contrast to the result from parsimony (see below). One possible explanation for this is 216 that the tree prior places a higher prior probability on haramiyidan diphyly compared to monophyly, 217
whereas the data does not strongly support monophyly. We tested this by running an analysis 218 without data on a partially fixed topology (based on the main result from tip-dating) in which only 219 haramiyidans were free to move around the tree. Specifically, a series of backbone constraints based 220 on the maximum clade credibility tree from the main analysis were implemented, and haramiyidans 221
were constrained to form two monophyletic groups (Haramiyavia + Thomasia, and euharamiyidans) 222 but with their phylogenetic position otherwise unconstrained. The analysis therefore tested where 223 these two groups attached to the backbone, based purely on stratigraphic ranges. Tree topology of undated Bayesian and parsimony trees were more similar to each other than either 231
was to tip-dated Bayesian trees ( Fig. 1, Fig. S1 ). This is further shown by plotting the number of 232 parsimony steps for the trees produced by Bayesian methods with and without the tip-dating (Fig. 2) . 233
The output from parsimony is more resolved than the output from the Bayesian methods ( fig. 1 parsimony trees are in general no greater than the differences within the posterior sample of 236 undated Bayesian trees. These results suggest that it is the use of tip-dating and associated tree 237 models, rather than a model of morphological evolution, that has the most significant effect on tree 238 topology. 239
Stratigraphic Fit 240
P-values for all stratigraphic fit calculations were highly significant, showing that all methods 241 produce trees with better fit to stratigraphy than expected by chance. As expected, tip-dating 242 approaches produce trees with a better stratigraphic fit than undated Bayesian or parsimony ( Fig. 3 ). 243
Trees produced when the analysis samples solely from the prior have a particularly high stratigraphic 244
fit, again as expected. Plots showing the prior probability of trees against stratigraphic fit for each 245 dataset show positive and highly significant correlations across all methods ( Fig. 3) . Results for the 246
Stratigraphic Completeness Index (Fig. S2 ) are similar to those for the Gap Excess Ratio (Fig. 3) , with 247 the exception of the sauropods dataset, which shows no positive correlation for the SCI. 248
Stratigraphic fit is lower for the posterior sample of trees from the tip-dating analysis compared to 249 the prior, but still higher than trees for the other two methods. There is little difference between the 250 stratigraphic fit measures for the parsimony and undated Bayesian methods relative to the 251 differences with the tip-dated results. However, we note that Sansom et al. (2018) reported a small 252 but statistically significant difference favouring parsimony based on many datasets (although results 253 vary within particular datasets). Our results suggest that tip-dating methods assign a higher prior 254 probability to trees with a better stratigraphic fit, as expected. This leads to a better stratigraphic fit 255
for the tree topologies in the posterior sample, compared to trees produced by other methods. This 256 is likely to be the cause of the topology differences between tip-dating and the other methods 257
shown in the previous section. 258
Effect of Incomplete Taxa 259
A feature of Bayesian analyses is that the prior is most important when data are weak, while strong 260 data overwhelm the prior (Edwards et al. 1963 ). Since tip-dating places a higher prior probability on 261 trees with better fit to stratigraphy, it is reasonable to expect that this becomes most important in 262 parts of the phylogeny that are only weakly or incompletely resolved by morphological data. 263
Iterative deletion of incomplete taxa from the sauropods dataset supports the hypothesis that much 264 of the difference in tree topology and stratigraphic fit between tip-dated and undated Bayesian 265 methods are in parts of the phylogeny which cannot be confidently resolved by the morphological 266
data. With each successive deletion of incomplete taxa, the stratigraphic fit of trees from the 267 undated Bayesian analyses increases, whereas the stratigraphic fit of the tree from tip-dating is 268 essentially unchanged (Fig. 4a ). Topological differences between the methods generally decline with 269 each deletion (Fig. 4b ). Random deletion of taxa does not lead to changes in stratigraphic fit for 270 either method (Fig.4c) , and topological differences do not change (Fig. 4d ). This shows that the 271 observed patterns are due to the deletion of incomplete taxa, not merely a result of deletion of taxa 272 in general. These results suggest that tip-dated analyses constrain the phylogenetic position of 273
incomplete taxa based on their stratigraphic age, leading to topological differences when compared 274 to other methods. Parsimony analyses were also performed on the same datasets, but the results 275 did not produce any pattern, likely due to the very low number of trees found for most datasets. 276
Mesozoic Mammals and the Allotheria Hypothesis. 277
Tip-dating analysis of the complete Mesozoic mammal dataset ( Fig. 5) has recovered polyphyly of Haramiyida in addition to allotherian polyphyly. 292 Support for monophyly of Allotheria and of Haramyida appears to be driven by dental characters: 293 when we repeated our tip-dating analysis using dental characters only, we recovered a strongly-294 supported clade comprising tritylodontids, haramyids, euharamyidans, hahnodontids, Vintana and 295 multituberculates, which falls outside Mammaliaformes (Fig. S3 ). However, when we analysed 296 cranial and dental characters together, we recovered approximately the same relationships as in our 297 complete analysis (which also includes postcranial characters), with "allotherians" split between 298 three separate clades (Fig. S4 ). Tip-dating analysis of postcranial characters only also recovers 299 separate euharamyidan and multituberculate clades (Fig. S5 ), but Haramiyavia, Thomasia, to reach convergence due to the "twin peak" behaviour displayed by the prior and the likelihood 307 traces. These peaks correspond to the two different tree topologies regarding Allotheria. One peak, 308
where Haramiyavia and Thomasia formed a clade with other allotherians (essentially the parsimony 309 result) had a low prior probability but high likelihood (Fig. S6A) . The other peak, which had 310
Haramiyavia and Thomasia closer to the root of the tree, and separated from other allotherians, had 311 a higher prior probability and lower likelihood (Fig. S6B) . Overall, polyphyly of Allotheria (with 312
Haramiyavia and Thomasia forming a separate clade closer to the root) was the preferred 313 hypothesis, found in 63% of the posterior sample (Figs. S7, S8) compared with 37% showing 314 monohyly of Allotheria (Fig. S9 ). The position of the enigmatic gondwanatherians was highly labile, 315
and they were excluded from the trees for these calculations. Arboroharamiyavia, the only 316 euharamiyidan included in the Krause et al. (2014) dataset was always recovered in a clade with 317 multituberculates. The Allotheria polyphyly hypothesis had only a slight advantage in terms of 318 posterior probability (Fig. S6C) Biotas are therefore included in the 95% HPDs for Rugosodon and Castorocauda respectively. 340
Prior Probabilities on Tree Topology for Haramiyidans 341
The results show that the prior for the placement of the Middle Jurassic euharamiyidans (Fig. 7a) is 342 very different from that of the late Triassic Haramiyavia and Thomasia (Fig. 7b ). The prior for 343
Haramiyavia and Thomasia is concentrated around the very oldest part of the tree: the time at 344
which Haramiyavia and Thomasia branch from the rest of the tree has a highest prior density 345 interval of 205 -242.4 Ma. The prior for euharamiyidans is concentrated on younger branches (HPD 346 173.2 -217 Ma). Notably, both groups are also more likely to attach to longer branches (Fig. 7) . 347
When the prior is corrected for the effect of branch length, by dividing prior probability by branch 348 length (Fig. S11) , the temporal signal is more obvious. Quantification of the prior probability that 349 each clade occurs above a particular node also shows that the prior for Haramiyavia and Thomasia is 350 strongly concentrated at the very base of the tree, in contrast to the prior for euharamiyidans ( Fig.  351  7c) . 352
This analysis is only an approximation of the true prior, as in reality the topology of the whole tree is 353 also subject to change. However, it shows that the analysis has a prior expectation that Haramiyavia 354
and Thomasia are separate from euharamiyidans, due to the differing ages of the two sets of taxa. 355
Parsimony analysis with a negative constraint on haramiyidan monophyly (i.e. preventing 356
Haramiyavia and Thomasia forming a clade with euharamiyidans) produce trees that are only two 357 steps longer (representing just a 0.1% increase in tree length) than the unconstrained trees. 358
Constrained and unconstrained trees were not significantly different (p=0.87) under the Templeton 359 test (Templeton 1983) . This is likely to be a factor in the recovery of haramiyidan diphyly in the 360 posterior, as the morphological character data only weakly supports haramiyidan monophyly, 361
whereas the (temporally-influenced) prior strongly supports diphyly. 362 Our results comparing topological differences within methods show that parsimony is (with one 374 exception) more resolved (Fig. 1, Fig. S1 ), as previously reported (O'Reilly et al. 2016). Bayesian tip-375
DISCUSSION
dating and undated methods are in general approximately equally resolved (Fig.1, Fig. S1 ). The 376 topological differences between tip-dating and other methods are therefore likely driven largely by 377 the incorporation of stratigraphic ages and the birth-death-sampling model, with the use of the Mkv 378 model a relatively minor cause of the topological differences between methods. 379
When will Stratigraphic Data Overrule Morphological Data? 380
The difference in tree topology appears to be driven by the effective prior probabilities placed on 381 tree topologies in the tip-dating analysis. Tree topologies with a better stratigraphic fit (i.e. requiring 382 less unsampled branch length, or shorter ghost lineages) are given a higher prior probability (Fig. 3) . 383
The stratigraphic fit of the posterior distribution of tree topologies is intermediate between the prior 384 and the values from undated Bayesian and parsimony approaches (Fig. 3) , reflecting the interplay of 385 the prior and the evidence from the morphological character data. allotherian monophyly is therefore not fully overruled by the stratigraphic evidence incorporated 394 into the tree prior. 395
In Bayesian analysis, the prior becomes more important when the data are weak, so it might be 396 predicted that the prior probabilities favouring trees with good fit to stratigraphy are most 397 influential in weakly resolved parts of the tree. This was tested by successive deletion of the most 398 incomplete taxa from the sauropods dataset (Fig. 4) . As hypothesised, this led to successive 399 increases in the stratigraphic fit of topologies estimated by undated Bayesian analyses, and a 400 decrease in the topological differences between undated and tip-dating Bayesian approaches (no 401 changes occurred when taxa were deleted randomly with respect to completeness). This suggests 402 that much of the topological difference between tip-dating and other phylogenetic methods is 403 driven by the placement of incomplete taxa. In undated analyses (under either parsimony or model-404 based optimality criteria), these incomplete taxa may fit into several positions on the tree even if 405 these are incongruent with their stratigraphic age, but such stratigraphically incongruous positions 406 require stronger morphological evidence in the tip-dating approach. These results suggest that, as 407 morphological data for incomplete taxa improve, topologies recovered from undated Bayesian or 408 parsimony approaches might become more similar to those produced by tip-dating. This is echoed in 409 the results of Benton and Storrs (1994) , which showed that phylogenetic trees produced in 1993 410 generally had a higher stratigraphic fit than comparable trees from 1967. 411
Amongst the datasets investigated, stratigraphic fit measures are lowest in the eurypterid dataset, 412
aligning with findings that, in general, stratigraphic fit for arthropod phylogenies are lower than for 413 other groups (O'Connor and Wills 2016). The oldest eurypterid, the Middle Ordovician Pentecopterus, 414
is found in a deeply nested position, together with Late Ordovician members of the Megalograptidae, 415
with both parsimony analysis (Lamsdell and Selden 2017) and tip-dating (Fig. S12 ). This shows that 416 even highly stratigraphically incongruent topologies can still be recovered if there is sufficient 417 morphological evidence: the branch leading to Megalograptidae (including Pentecopterus) has five 418 unambiguous character changes. In addition, three of the branches between the root and the 419 megalograptid clade are supported by at least five unambiguous synapomorphies. Notably, the tip-420 dating analysis for eurypterids also estimated an ancient divergence date for eurypterids, more than 421 30 million years before the appearance of Pentecopterus. A younger divergence date would require 422 extremely rapid divergences at the base of tree, violating the assumptions of relatively constant 423 diversification rates in the tree prior. 424
These results support the view that inclusion of stratigraphic age data in tip-dated Bayesian 425 phylogenetic analysis directly affects tree topology. Highly incomplete taxa are more constrained to 426 positions congruent with stratigraphy in tip-dated analysis, even if the (limited) character data are 427 also consistent with other, less stratigraphically congruent positions. Conversely, taxa for which 428 abundant data are available can be placed in stratigraphically incongruent positions if there is 429 sufficient character support. This is intuitive, and in some respect already resembles the approach 430 already informally taken by most palaeontologists: extraordinary claims require extraordinary 431 evidence. 432
Is the Inclusion of Stratigraphic Data in Phylogenetic Analysis Justified? 433 "It is merely eccentric to claim that time is not a desirable parameter in working 434 out phylogenies, even though what is desirable is not invariably available or 435 clear in its significance" (Simpson 1975) . 436
Fisher (2008) raised arguments against criticisms of stratocladistics, including those regarding the 437 imperfect nature of the fossil record, and these will not be repeated here. The fossil record need 438 only be adequate, not perfect, to justify its utilisation (Paul 1985) . The high level of congruence 439 between phylogenetic and stratigraphic data (Gauthier et al. 1988, Norell and Novacek 1992, Benton 440 and Hitchin 1997) shows that stratigraphic data is generally informative regarding clade age and 441 branching order. Including both stratigraphic and morphological data when estimating phylogeny 442 allows these two generally congruent data types to reciprocally illuminate in the minority of 443 occasions that they disagree. 444
Stratigraphic data will always be incomplete (in the sense that not every species will be present in 445 the fossil record), but the same can be said of morphological data. No fossil preserves 100% of 446 morphological data (even a fossil being scored for 100% of characters within a particular 447 morphological data matrix is rare). In addition, convergent evolution means that morphological data 448
can sometimes be misleading, a fact becoming increasingly apparent with the availability of 449 increasing amounts of molecular data (Lee and Palci 2015) . Stratigraphic data provides an 450 opportunity to identify probable convergent evolution in clades widely separated by time, a point 451 that has already been demonstrated in tip-dated phylogenetic analyses of palaeognath birds 452 (Worthy et al. 2017 ) and gharials (Lee and Yates 2018) . 453
Stratigraphic and morphological data represent a way of assessing the quality of each other. 454
Stratigraphic incongruence cannot be recognised independently from morphological data, but then 455
how do we know that the morphological data are correct? In the absence of molecular data, 456 stratigraphic data are the only independent assessment of the quality of morphological data. 457
Simultaneous analysis of both forms of data is therefore a good approach, and should avoid the 458 recovery of highly stratigraphically incongruent trees based on scant evidence. However, 459 morphological data have generally been afforded precedence. For example, Turner et al. (2017)  460 suggest, based on analysis of a crocodylomorphs dataset, that tip-dating should not be used in cases 461
where sampling is uneven, leading to long un-sampled branches which are then disfavoured by tip-462
dating. However, their recognition of uneven sampling was not independent from phylogeny, and 463 was based on a time-scaled parsimony tree of the same dataset. On the contrary, an expectation 464 that long un-sampled branches should be rare is a reasonable prior, one that requires solid data to 465 overturn. 466
Mesozoic Mammals and Convergent Dental Evolution 467
Marsh (1880) The results of our tip-dating analyses indicate that the dental similarities proposed to unite 489
Allotheria are homoplastic, and that they evolved at least three times independently: once in the 490 common ancestor of Haramiyavia+Thomasia and tritylodontids, once in the common ancestor of 491 euharamiyidans, hahnodontids and gondwanatherians, and once in multituberculates. The finding 492 that the dental resemblances between allotherians is the result of convergence is perhaps 493 unsurprising, as broadly similar combinations of dental features has also evolved in placental 494 mammals (e.g. rodents) and in metatherians (e.g. polydolopimorphians). More generally, one recent 495 study found that dental characters in mammals are more prone to homoplasy than characters from 496 the rest of the skeleton (Sansom et al. 2017 ). In our tip-dating analyses, evidence from the cranium 497
and (for those taxa known from postcranial remains) postcranium, together with temporal 498 information, is sufficient to overwhelm the dental signal that favours haramiyidan and allotherian 499 monophyly. 500
Perhaps the most novel aspect of our results is diphyly also partly be driven by the prior in our analysis (Fig. 7) due to the relatively long branch leading to 518 tritylodontids, which also means that the morphological differences between tritylodontids and 519
Haramiyavia and Thomasia will be penalised less. Ma. Also notable is the fact that the estimated ages of two other mammaliforms from the Yanliao 550
Biota, Castorocauda and Rugosodon remain centred on the middle Jurassic when their ages were 551 allowed to vary. For some datasets at least, Bayesian tip-dating appears to perform relatively well at 552 estimating the ages of tips when treated as unknown (Drummond and Stadler 2016) , although 95% 553
HPDs can be wide (Dembo et al. 2016 ). Thus, our results provide at least circumstantial evidence 554 that the age of Juramaia may be younger than currently interpreted. If so, then the palaeontological 555 minimum for the timing of the split between Eutheria and Metatheria is shifted forward to the early 556
Cretaceous, either 145 MYA (if the recently described but poorly preserved Durlstotherium and 557
Durlstodon from southern England are eutherians; (Sweetman et al. 2017) 1 . Bayesian tip-dating methods produce trees that are more different from trees 567 produced by parsimony and undated Bayesian analyses, which are similar to each other. % 568 topological difference (Robinson-Foulds distance) is plotted for each comparison, across seven 569 datasets. Bayesian tip-dated methods vs. other methods (Bayesian undated and parsimony) 570 are shaded in dark grey. Every tree from the posterior sample or set of shortest trees is 571 compared to the sample from an alternative method, and the resulting range of values shown 572 as a boxplot (whiskers span full range). Tree samples from each method are also compared to 573 themselves as a measure of resolution. 574 575 Figure 2 . Bayesian tip-dating produces trees that are less parsimonious than undated 576
Bayesian analysis. Histograms of the number of additional steps required by trees produced 577 by tip-dating and undated Bayesian analysis, compared to the tree length of the most 578 parsimonious trees. For the smallest dataset (Xiphosura), some of the trees produced by 579 undated analysis are identical to parsimony trees. 580 Figure 3 . Bayesian tip-dating methods recover trees with better fit to stratigraphy than 582 other methods. Upper panels: Gap Excess Ratio for every tree in each sample is shown as a 583 box plot (whiskers span full range). Lower panels: A positive correlation exists between fit to 584 stratigraphy and prior probability for every dataset (each data point represents a tree from 585 the prior sample for tip-dating). 586 incomplete taxa (top) leads to an increase in stratigraphic fit for undated analysis, but not tip-591
dating. Topological differences between these methods also successively decrease. Random 592 deletion of taxa (bottom) shows that these patterns are not purely an artefact of fewer taxa. 593 Branch widths proportional to posterior probability (between 0.5 and 1.0). 598 Figure 6 . The morphological data has a strong signal towards a Lower Creataceous rather than a 600 jurassic age for Juramaia. Age estimates for 3 putative members of the Yanliao biota, analysed with 601 a Laplace distribution prior centred on 161 MA, therefore representing a conservative test for the 602 age of Juramaia. Data for Castorocauda and Rugosodon place these taxa firmly in the correct age 603 range for the Yanliao biota, in contrast to the data for Juramaia which strongly contradicts the prior. 604 
